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A total of 52 brightness measurements of Saturn were made during 
its 2008-2009 apparition. (An apparition is the time interval between 
when the planet is in conjunction with the Sun to the next time that 
it is conjunction with the Sun.) The selected normalized magnitudes 
of Saturn for b = 3.0° are B(1,0) = -7.87 ± 0.02, V(1,0) = - 9.00 
± 0.01, R(1,0) = -9.62 ± 0.01 and I(1,0) = -9.63 ± 0.01. (I have 
defined b as the square root of the absolute value of the product of 
the Saturnicentric latitude of the Earth and of the Sun; b is a latitude 
that is always within about 27° of Saturn’s equator.) The selected 
solar phase angle coefficient, in units of magnitudes per degree are 
c
B
 = 0.029 ± 0.009, c
V
 = 0.025 ± 0.005, c
R
 = 0.024 ± 0.005 and 
c
I
 = 0.018 ± 0.006.
 
INTRODUCTION
Morishima and co-workers (1) point out that there are two competing 
models for Saturn’s rings which are the monolayer model and the multilayer 
model. In the monolayer model the rings are assumed to be one particle 
thick. In the multilayer model, however, the rings are assumed to be several 
particles thick. Knowing the correct model will enable astronomers to better 
model changes in the thermal emission of the rings and whether ring particles 
rotate around their own axes slowly or quickly. Reliable brightness measure-
ments carried out over several years should help astronomers determine 
which model is more suitable for the rings of Saturn. 
This paper is a continuation of a 14-year study of the brightness and color 
of Saturn and its rings. During this study, the value of B', the Saturnicentric 
latitude of the Sun referred to the plane of the rings, went from 0° in 1995 to 
27° in 2002 and back down to 0° in 2009. Therefore, two Saturn seasons, 
southern spring and summer, are covered in this 14-year study. The purpose 
of this paper is to publish additional information on the topics below at very 
low ring-tilt angles:
1) The brightness and color of Saturn + rings as it passes through dif-
ferent seasons,
2) Saturn’s solar phase angle coefficients in different colors and in dif-
ferent seasons,
3) the opposition surge in different colors, and
4) the influence of the Sun’s position in regards to the brightness and 
color of Saturn + rings.
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METHOD AND MATERIALS
The author used an SSP-3 solid-state photometer along with filters 
transformed to the Johnson B, V, R and I system to make all measurements. 
He also used a 0.09 meter Maksutov telescope for the measurements. More 
information about the photometer and method is found elsewhere (2-5).
The brightness values of Sigma-Leonis (σ-Leo) used in this study are B = 
3.985, V = 4.043, R = 4.05 and I = 4.12. The B and V magnitudes are from 
Westfall (6) and Mermilliod (7). The R and I magnitudes are from Iriarte et 
al. (8). The B, V, R and I brightness values for the comparison stars Upsilon-
Leonis (υ-Leo) and Chi-Leonis (χ-Leo) are from (8). Beta-Virginis (b-Vir) was 
the check star. The average measured brightness for this star, in the V filter, 
was magnitude 3.59 which is the accepted brightness value (8). 
In all cases, the author corrected the brightness measurements for both 
atmospheric extinction and color transformation. He used the two-star 
method for color transformation corrections (9). When Saturn’s altitude was 
high, the extinction coefficients were assumed to equal 0.38, 0.23, 0.16 and 
0.12 magnitudes/air mass for the B, V, R and I filters, respectively. These 
are averages for Central Georgia (5).
RESULTS
The brightness measurements made during the 2008-2009 apparition 
are listed in Table I. The first column in this table lists the decimal date of the 
measurement in Universal Time. If, for example, a measurement was recorded 
at 6:00 UT on February 17, then the decimal date would be February 17.25. 
The second column lists the filter used. The third column lists the solar phase 
angle of Saturn at the time of measurement. (The solar phase angle is the 
angle between the Sun and the observer measured from the target which is 
Saturn in this case.) The measured brightness of Saturn, in stellar magnitudes, 
is listed in the fourth column. The normalized magnitude, X(1,α) for b = 3.0°, 
in stellar magnitudes, is listed in the fifth column. The quantity b (“a type of 
geometric average of Saturnicentric latitude of Sun and Earth from Saturn’s 
ring plane”) is computed from equation (1):
b = (|B x B'|)0.5. (1) 
In this equation B is the Saturnicentric latitude of the Earth referred to 
the plane of the rings and B' is the Saturnicentric latitude of the Sun referred 
to the plane of the rings. The absolute value signs in equation (1) are needed 
since B and B' can have a negative value. The value of the normalized mag-
nitude, X(1,α), is computed from equation (2):
X(1,α) = X
mag
 – 5.0 log[r × d] + m(3.0°) – m(b) (2).
In this equation, X
mag
 is the measured brightness of Saturn’s rings in 
stellar magnitudes for filter X, r and d are the Saturn-Earth and Saturn-Sun 
distances in astronomical units, X(1,α) is the brightness that Saturn would 
have if it is 1.0 astronomical unit from both the Earth and Sun with b = 3.0° 
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and at a solar phase angle equal to α, Δm(3.0°) is the brightness contribution 
from the rings at b = 3.0° and Δm(b) is the brightness contribution from the 
rings at an angle of b. Both Δm(3°) and Δm(b) are in stellar magnitudes and 
are computed from equations 3 to 6 in (10). The sixth column of Table I lists 
the comparison star used for each measurement. The seventh, eighth and 
ninth columns list the B, B' and b values, respectively.
Previously (11), it was shown that the value of b is a more reliable indica-
tor of ring brightness than B. Figure 1 proves this point. The Saturnicentric 
latitude of the Earth, B, with respect to the ring plane is nearly the same in 
the two images. In spite of this, the rings are not of the same brightness and, 
hence, one must also consider the value of B' when considering the brightness 
of the rings as is done in equation 1. The difference is due to shadowing and 
other factors. The rings in the bottom image are much darker because the 
Saturnicentric longitude of the Sun, B', with respect to the ring plane is only 
-0.9° compared to -2.0° in the top image. The minus sign is due to the fact 
that the Sun is south of the ring plane.
Figure 1. Two images of Saturn. The top image was taken by Cristian Fat-
tinnanzi on April 6, 2009 at 21:21 UT. The values of B, B' and b on that 
date were -3.6°, -2.0° and 2.7°, respectively. The bottom image was taken 
by Anthony Wesley on June 15, 2009 at 8:29 UT. The values of B, B' and b 
on that date were -3.7°, -0.9° and 1.8°, respectively. The rings were darker 
in the bottom image because of the lower value of B'. Courtesy of Cristian 
Fattinnanzi and Anthony Wesley.
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DISCUSSION
Graphs of X(1,α) versus the solar phase angle, α are shown in Figure 2 
for each of the four filters. The slope of the best fit line in each graph is the 
solar phase angle coefficient, c
X
. The normalized magnitude at a solar phase 
angle of 0° is the y-intercept, and it has the symbol of X(1,0). The resulting 
values of c
X
 and X(1,0) for b = 3° are summarized in Table II. Uncertainties 
for both quantities were computed in the same way as is described elsewhere 
(12).
Figure 2. Graphs of the X(1,α) value of Saturn at b = 3.0° for different 
values of the solar phase angle in the 2008-2009 apparition. The four graphs 
are for the B, V, R and I filters. The open circles were not included in the 
evaluation of the quantities in Table 2 because these points are influenced 
by the opposition effect.
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B -7.87 ± 0.02 0.029 ± 0.009 12
V -9.00 ± 0.01 0.025 ± 0.005 18
R -9.62 ± 0.01 0.024 ± 0.005 9
I -9.63 ± 0.01 0.018 ± 0.006 8
The B – V color index at a solar phase angle of 0° was 1.13 in the current 
apparition. This is higher than in the previous apparition. This is evidence 
that Saturn was not as blue in the current apparition as in the previous one. 
The R – I color index in the current apparition was only 0.01; this is lower 
than in the previous apparition. The low R – I value may be due to the rings 
closing up and, hence, having a smaller influence on the color of Saturn + 
rings. The R – I value was also very low during 1995 when the rings were 
edge-on (13). 
The opposition surge, at a solar phase angle of 0° was essentially zero 
in the V filter in 2008-2009 apparition. This is similar to what it was in the 
previous apparition. This is probably due to the fact that the rings are the 
cause of the opposition surge. Furthermore, in the last two apparitions, the 
rings contributed a much smaller amount of light to the Saturn system than 
in 2000-2006. There was probably a small opposition surge for the R and 
I filters in the 2008-2009 apparition based on this work. 
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